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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .1 7(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submissions filed on 
3/6/2009 and 3/17/2009 have been entered. 

Response to Arguments 

Applicant's arguments and amendments filed 3/6/2009 and 3/17/2009 have been 
fully considered but they are not persuasive. 

Applicant cancelled the previously pending claims and added new claims 36-54. 
Applicant did not make arguments over the prior art of record with respect to the newly 
added claims. A summary of the discussion of the newly added claims from the 
interview on May 19, 2009 is presented in the Examiner Interview Summary dated 
5/21/2009. 

A new grounds of rejection of applicant's newly added claims 36-54 is presented 

below. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 36-39, 41, 44-46, and 54 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kan in view of Ireson (6201765) and Stewart (ASEG/SEG 
Conference -Adalaide, 1988). 

With regard to claim 36, Kan discloses a method of estimating velocity ahead of 
a drill bit disposed in a subsurface region (Column 8, Line 40 to Column 9, Line 10). 
Kan discloses obtaining surface seismic data for a region of interest (Column 6, Lines 
20-37; Column 8, Lines 40-57). Kan discloses during drilling of a borehole traversing 
the subsurface region, determining a travel time of a seismic wave generated from a 
surface of the region to a location in the borehole when the drill bit is at selected depths 
in the borehole (Column 7, Line 66 to Column 8, Line 57). Kan discloses determining a 
velocity from the travel time and the selected depths (Column 8, Lines 1-57). Kan 
discloses inverting reflection seismic data (data reflected from structures below drillbit 
and received in the borehole receivers), although not specifically the surface seismic 
data, to determine a velocity ahead of the drill bit while constraining the velocity 
between the surface and the drill bit to be consistent with the velocity determined from 
the travel time (Column 6, Lines 20-37; Column 8, Line 40 to Column 9, line 3). Kan 
discloses that the VSP data is used to replace interval transit times from the surface 
seismic data with the velocity determined from the VSP checkshot survey to the depths 
of the borehole that the VSP data was taken. Replacing the velocity constrains it to 
being the velocity determined from the transit times of the VSP survey in the borehole. 



Application/Control Number: 10/604,878 Page 4 

Art Unit: 3663 

Kan discloses surface seismic data and discloses a plurality of surface located 
source and receiver locations used to take the surface seismic data as common 
midpoint data (Column 6) (Fig. 7a), but does not specifically disclose that a plurality of 
surface located sources and a plurality of surface located receivers are used to obtain 
the surface seismic data. Ireson teaches that it is known that surface seismic data are 
obtained using a plurality of surface sources and a plurality of surface receivers are 
used in obtaining surface seismic data (Fig. 1 ) (Column 1 , Lines 9-40). It would have 
been obvious to use a plurality of sources and receivers to obtain the surface seismic 
data in Kan as taught by Ireson in order to obtain common midpoint data about an origin 
or midpoint. 

Although Kan does not teach inverting the surface seismic data, Kan does 
disclose finding the velocities above the drill bit with the VSP, and then using this data in 
the process of finding interval velocities ahead of the bit by inversion methods for 
seismic data that has been reflected from structures ahead of the bit and received at 
receivers in the wellbore (Column 6, Lines 20-37; Column 8, Line 40 to Column 9, line 
3). Kan teaches that the velocity determined from the surface seismic data is 
constrained by the velocity determined from the travel times and depths of the waves 
from the surface to the borehole location (Column 6, Lines 20-37; Column 8, Line 40 to 
Column 9, line 3), but does not specifically disclose that the velocity determined from 
the surface seismic data is determined by an inversion of the surface seismic data. 
Stewart teaches that inversion methods are used on both VSP and surface seismic data 
when determined velocity structures of underground formations (Page 358, Summary; 
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Page 359, Second Column to Page 360 Second Column). It would have been obvious 
to use an inversion process on the surface seismic data in Kan to determine the velocity 
structure as taught by Stewart in order to determine the velocity structure of the 
subsurface in depth. 

With regard to claim 37, Kan discloses transforming the velocity ahead of the drill 
bit into pore pressure of a region ahead of the drill bit (Column 6, Line 20 to Column 7, 
Line 21 ; Column 8, Lines 5-57). 

With regard to claim 38, Kan discloses that the seismic wave is generated by a 
seismic source positioned near an opening of the borehole (Column 8, Lines 1-18). 

With regard to claim 39, Kan discloses that determining the travel time of the 
seismic wave comprises detecting the seismic wave from at least one seismic receiver 
at location in the borehole (Column 8). 

With regard to claim 41 , Kan discloses that determining the travel time further 
comprises measuring the arrival time of the seismic wave detected at the seismic 
receiver and determining the travel time from the arrival time (Column 8, Lines 10-57). 

With regard to claim 44, Kan discloses a method of estimating velocity ahead of 
a drill bit disposed in a subsurface region (Column 8, Line 40 to Column 9, Line 10). 
Kan discloses generating first seismic waves from a seismic source S located at a 
surface of the region (Fig. 7a) (Column 6, Lines 20-37; Column 8, Lines 40-57). Kan 
discloses obtaining surface seismic data associated with the first seismic waves at a 
plurality of locations R at the surface (Fig. 7a) (Column 6, Lines 20-37; Column 8, Lines 
40-57). Kan discloses generating second seismic waves from the surface when the 
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drill bit is disposed in a borehole (Column 8, Lines 1-57). Kan discloses obtaining 
seismic wave data associated with the second waves at one or more locations in the 
borehole (Column 8, Lines 1-57). Kan discloses inverting the obtained seismic wave 
data with reflection seismic data (data reflected from structures below drillbit and 
received in the borehole receivers) obtained for the region to determine a velocity ahead 
of the drill bit (Column 8, Line 40 to Column 9, line 3). Kan discloses inverting the 
obtained seismic wave data, but does not specifically disclose that the obtained surface 
seismic data is also inverted in the determination of the velocity. 

Kan discloses surface seismic data and discloses a plurality of surface located 
source and receiver locations used to take the surface seismic data as common 
midpoint data (Column 6) (Fig. 7a), but does not specifically disclose that a plurality of 
surface located sources and a plurality of surface located receivers are used to obtain 
the surface seismic data. Ireson teaches that it is known that surface seismic data are 
obtained using a plurality of surface sources and a plurality of surface receivers are 
used in obtaining surface seismic data (Fig. 1 ) (Column 1 , Lines 9-40). It would have 
been obvious to use a plurality of sources and receivers to obtain the surface seismic 
data in Kan as taught by Ireson in order to obtain common midpoint data about an origin 
or midpoint. 

Although Kan does not teach inverting the surface seismic data, Kan does 
disclose finding the velocities above the drill bit with the VSP, and then using this data in 
the process of finding interval velocities ahead of the bit by inversion methods for 
seismic data that has been reflected from structures ahead of the bit and received at 
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receivers in the wellbore (Column 6, Lines 20-37; Column 8, Line 40 to Column 9, line 
3). Stewart teaches that inversion methods are used on both VSP and surface seismic 
data when determined velocity structures of underground formations (Page 358, 
Summary; Page 359, Second Column to Page 360 Second Column). It would have 
been obvious to use an inversion process on the surface seismic data in Kan as well as 
the VSP and checkshot data to determine the velocity structure as taught by Stewart in 
order to determine the velocity structure of the subsurface in depth. 

With regard to claim 45, Kan discloses transforming the velocity ahead of the drill 
bit into pore pressure of a region ahead of the drill bit (Column 6, Line 20 to Column 7, 
Line 21 ; Column 8, Lines 5-57). 

With regard to claim 46, Kan discloses that the surface seismic data is obtained 
for the subsurface region before the borehole is formed in the region (Column 6; 
Column 8, Lines 40-57). 

With regard to claim 54, Kan discloses that the surface seismic data is obtained 
before commencement of drilling of the borehole (Column 6; Column 8, Lines 40-57). 

Claims 40 and 42-43 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kan in view of Ireson (6201765) and Stewart (ASEG/SEG Conference - Adalaide, 
1988) as applied to claims 36-39 and 41 above, and further in view of Eaton (6382332). 

With regard to claim 40, Kan does not disclose that the seismic receiver is 
disposed in a downhole tool near the drill bit. Kan discloses using the receiver during 
drilling, but does not disclose the location of the receivers used. Eaton teaches a 
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method of determining time-depth check-shots and also obtaining VSP data using a 
downhole tool 14 that is located near the drill bit 13 (Fig. 1) (abstract; Column 2). It 
would have been obvious to modify Kan to include using a tool located near the drill bit 
for the receiver in the borehole in order to be able to take data without requiring that the 
drillstring be removed or that further devices are placed into the borehole. 

With regard to claim 42, Kan does not disclose that measuring the arrival time 
comprises sending the seismic wave detected in the borehole to the surface and 
processing the detected seismic waves at the surface to determine arrival time. Kan 
does not disclose where the processing is performed. Eaton teaches that data obtained 
in receivers in a borehole can be sent to the surface for processing (Column 6, Lines 
18-46). It would have been obvious to modify Kan to include sending the data to the 
surface to be processed as taught by Eaton in order to have a central processing unit at 
the surface that can perform all of the necessary data processing and also control the 
survey apparatus. 

With regard to claim 43, Kan does not disclose that measuring the arrival time 
comprises processing the seismic wave detected in the borehole to determine the 
arrival time and sending the arrival time to the surface via telemetry. Kan does not 
disclose where the processing is performed. Eaton teaches that the data received in a 
borehole receiver can be processed in the receiver (Column 5, Lines 55-65; Column 6). 
It would have been obvious to modify Kan to include performing the processing in the 
borehole and sending the time to the surface via telemetry as taught by Eaton in order 
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to reduce the data rate to a level commensurate with the link to the surface and to limit 
the amount of data that needs to be transmitted to the surface. 

Claims 47-48 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kan in view of Ireson (6201765) and Stewart (ASEG/SEG Conference - Adalaide, 
1988) as applied to claims 44-46 above, and further in view of Leaney. 

With regard to claim 47, Kan does not disclose that the surface seismic data is 
obtained for the subsurface region after the borehole is formed in the region. Leaney 
teaches taking VSP surveys in a borehole and then using the surveys to create models 
that are used to process surface seismic data (abstract; Column 3, Line 55 to Column 4, 
Line 68). It would have been obvious to modify Kan to include taking VSP survey data, 
and then acquiring surface seismic data and processing the surface seismic data as 
taught by Leaney in order to have a model of the velocity created from the VSP data 
that can be used to process surface seismic data that is taken in a region. 

With regard to claim 48, Kan does not disclose that the surface seismic data is 
obtained for the subsurface region during drilling of the borehole is formed in the region. 
Leaney shows acquiring VSP and surface seismic data at the same time (Fig. 1) 
(abstract; Column 3, Line 55 to Column 4, Line 68). It would have been obvious to 
modify Kan to include taking both the data with the borehole receivers and the surface 
seismic data receivers at the same time as taught by Leaney in order to obtain a model 
from the VSP that is accurate for the formation at the time the surface seismic data are 
obtained. 
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Claims 49-51 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kan in view of Stewart (ASEG/SEG Conference - Adalaide, 1988) 

With regard to claim 49, Kan discloses a method of estimating velocity ahead of 
a drill bit disposed in a subsurface region (Column 8, Line 40 to Column 9, Line 10). 
Kan discloses generating first seismic waves from a plurality of first locations at a 
surface of the region (Fig. 7a) (Column 6, Lines 20-37; Column 8, Lines 40-57) before 
the drill bit is drilling subsurface formations in a borehole traversing the subsurface 
(Column 6; Column 8, Lines 40-57). Kan discloses obtaining first seismic data 
associated with the first seismic waves at a plurality of second locations R at the surface 
of the region (Fig. 7a) (Column 6, Lines 20-37; Column 8, Lines 40-57) before the drill 
bit is drilling the subsurface formations in the borehole (Column 6; Column 8, Lines 40- 
57). Kan discloses generating second seismic waves from the surface of the region 
when the drill bit is drilling subsurface formations in the borehole (Column 8, Lines 1- 
57). Kan discloses obtaining seismic wave data associated with the second seismic 
waves at one or more locations in the borehole during drilling (Column 8, Lines 1-57). 
Kan discloses inverting the obtained second seismic wave data with reflection seismic 
data (data reflected from structures below drillbit and received in the borehole receivers) 
obtained for the region to determine a velocity ahead of the drill bit (Column 8, Line 40 
to Column 9, line 3). Kan discloses inverting the obtained second seismic wave data, 
but does not specifically disclose that the obtained surface seismic data is also inverted 
in the determination of the velocity. 
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Although Kan does not teach inverting the surface seismic data, Kan does 
disclose finding the velocities above the drill bit with the VSP, and then using this data in 
the process of finding interval velocities ahead of the bit by inversion methods for 
seismic data that has been reflected from structures ahead of the bit and received at 
receivers in the wellbore (Column 6, Lines 20-37; Column 8, Line 40 to Column 9, line 
3). Stewart teaches that inversion methods are used on both VSP and surface seismic 
data when determined velocity structures of underground formations (Page 358, 
Summary; Page 359, Second Column to Page 360 Second Column). It would have 
been obvious to use an inversion process on the surface seismic data in Kan as well as 
the VSP and checkshot data to determine the velocity structure as taught by Stewart in 
order to determine the velocity structure of the subsurface in depth. 

With regard to claim 50, Kan discloses transforming the velocity ahead of the drill 
bit into pore pressure of a region ahead of the drill bit (Column 6, Line 20 to Column 7, 
Line 21 ; Column 8, Lines 5-57). 

With regard to claim 51 , Kan discloses that the step of generating seismic waves 
is performed according to a predetermined sequence (different depths) and the 
obtained seismic wave information is performed corresponding to the predetermined 
sequence (Column 8, Line 1 to Column 9, Line 10). 

Claims 52-53 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kan in view of Stewart (ASEG/SEG Conference - Adalaide, 1988) as applied to claims 
49-51 , and further in view of Eaton (6382332). 
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With regard to claim 52, Kan discloses determining seismic travel times from a 
position of the generating seismic waves to the one or more locations in the borehole 
(Column 7, Line 66 to Column 8, Line 57). Kan does not disclose that a processor in 
the borehole does in the determining. Kan does not disclose where the processing is 
performed. Eaton teaches that the data received in a borehole receiver can be 
processed in the receiver (Column 5, Lines 55-65; Column 6). It would have been 
obvious to modify Kan to include performing the processing in the borehole and sending 
the time to the surface via telemetry as taught by Eaton in order to reduce the data rate 
to a level commensurate with the link to the surface and to limit the amount of data that 
needs to be transmitted to the surface. 

With regard to claim 53, Kan discloses determining seismic travel times from a 
position of the generating seismic waves to the one or more locations in the borehole 
(Column 7, Line 66 to Column 8, Line 57). Kan does not disclose where the 
determining is performed. Eaton teaches that data obtained in receivers in a borehole 
can be sent to the surface for processing (Column 6, Lines 18-46). It would have been 
obvious to modify Kan to include sending the data to the surface to be processed as 
taught by Eaton in order to have a central processing unit at the surface that can 
perform all of the necessary data processing and also control the survey apparatus. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SCOTT A. HUGHES whose telephone number is 
(571)272-6983. The examiner can normally be reached on M-F 8:30am to 5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jack Keith can be reached on (571 ) 272-6878. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Scott A. Hughes/ 
Examiner, Art Unit 3663 



